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T hroughout the world, it is commonlyacceptedthat the introductionof newspeciesto a stableecosystemcanupsetthe
environmentand the speciesalreadypresent.
Aquaticecosystemsareno exceptionand,with a
dramaticincreaseinworldtravelandtradingover
the last century,are increasinglyat risk from
biologicalinvasion.
Thevariousthreatsposedbytheintroductionof
alienspeciesaremanyand can manifestthem-
selvesin theform of directpredationon native
species,competitionforfood,introductionofnew
diseasesor parasites,or potentialto causechange
totheenvironment.
Sunbleak
Globally,amongvertebrates,introductionsof
freshwaterfishspecieshavebeenamongthemost
numerous(Crivelli1995),andtheintroductionof
non~nativefishestotheUK isnotanewphenome-
non. The Carp Cyprinuscarpiowas first intro-
ducedfor aquaculturein the15thcentury(Balon
1995),andduringmorerecentimesintroductions
thathavesuccessfullycolonisedUK watercourses
includetheIdeLeuciscusidus,BitterlingRhodeus
sericieus,ZanderSanderluciopercandPumpkin-
seedLepomisgibbosus.The motivesresponsible
for theseintroductionsvaryfromornamentalfish-
keepingand anglinginterestto, in the caseof
GrassCarpCtenopharyngodonidella,theiruseas
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a biologicalherbicideto control the excessIve
growth of aquaticweed.
SunbleakandTopmouthGudgeon
Thisarticlehighlightstwoof themostrecentintro-
ductionsto the fish fauna of Great Britain:
Topmouth GudgeonPseudorasboraparva and
SunbleakLeucaspiusdelineatus.Overthelastthree
years,variousaspectsof thebiologyandecology,
including the reproductivebehaviour,habitat
requirementsandearlydevelopment,andthedistri-
butionofthesetwospecieshavebeenstudiedbythe
authorsattheCentreforEcologyandHydrologyin
Dorset.Here,we summarisetheirfascinatinglife
historiesandassessthecurrentstatusof thesenew
additionsto the Britishaquaticfauna.We also
discussthefutureof thesespeciesinBritainandthe
risksthattheyposetoournativefishes.
Basicbiology
BothSunbleakandTopmouthGudgeonaresmall
cyprinidspossessinghighlydevelopedlife-history
strategieswhichhaveundoubtedlyassistedthem
in successfullycolonisingbodiesof waterin the
BritishIsles.Themajorityof cyprinidspeciestake
2-4 yearsto becomesexuallymatureandspawn
justoncea year.The femalescattermanythou-
sandsof eggsoveraquaticmacrophytesor gravel,
andthesearethenleftunguardedandvulnerable
to predation. Unusually for cyprinids, both
SunbleakandTopmouthGudgeonbecomesexu-
allymatureatoneyearold andarebatchspawn-
ers,with femaleslayingseveralbatchesof eggs,
betweenApril andJuly, whichareguardedbythe
malesuntiltheyhatch.
This combinationof attributesmeansthat a
relativelylow numberof eggs(whencompared
with other cyprinidspecies)are produced,but
with theparentalcareensuringhigherthanaver-
agehatchingrates.Also, as the brood is spread
acrossanextendedperiod,larvaearelessvulnera-
bleto changesin environmentalconditions,thus
enhancingsurvivalrates(Gozlanet al. 2003a).
Sunbleak
SunbleakcloselyresembleBleakAlburnusalburnus
in appearance,butareasmallerspeciesnotexceed-
ing 8cmin lengthandrarelylivingfor morethan
threeto fouryears.Theyaregregariousandlivein
largeshoalscloseto thewater'ssurface,wherethey
typicallyfeedonzooplanktonandterrestrialinsects.
78 British Wildlife December2003
WhereasmostBritishfreshwaterfishgrowrela-
tivelyrapidly for the first few years,until they
becomesexuallymature,in Sunbleakgrowthis
mostrapidduringthefirstsummer,beyondwhich
energyreservesare reallocatedfrom somatic
growth towardsgonadproduction,resultingin
Sunbleakbecomingsexuallymatureat oneyear
old (Gozlanetal.2003a).
Duringspawning,males,whicharesmallerthan
females,takeup territoriesaroundthestemsand
undersideof the leavesof water-liliesand other
flat-surfacedstructures.The malesthencleanany
accumulated bio-films from the spawning
substrate,usingtheirmouths.The ripe females,
which develop swollen, distendedovipositors
duringspawning,join themaleandtravelathigh
speedacrossthespawningsubstrate(Gozlanetal.
2003b),depositingstripsof upto 80highlyadhe-
siveeggs.A femaleSunbleakcantypicallydeposita
stripof 40 eggsin lessthanonesecond.Afterthe
femalehasspawned,themaleguardstheeggsand
encouragesotherfemalesto deposittheireggsat
thesamenestsite.Themalethenguardstheeggs
until theyhatch,whichtakesapproximatelyfour
daysatnoc (Pinder& Gozlaninpress).
In contrasto itsalienandinvasivestatusin the
UK, theSunbleakis consideredrareor vulnerable
throughoutmuchof itsnativerange(Lelek1987).
It is alsolistedasprotectedunderAppendixIII of
theBernConvention.
TopmouthGudgeon
Rarelyattaining8cmin lengthor livingfor more
than threeyears,TopmouthGudgeonpredomi-
nantly occupythe bentho-pelagiczone, where
theirdietconsistsofalgae,benthicinvertebrates,
zooplankton,molluscsand also the eggsand
larvaeof otherfishspecies(Xieetal.2000).As
opportunisticfeeders,TopmouthGudgeonwill
also take food from the)'Vater'surface,where
feedingon terrestrialinsectsand otherfloating
objectsis accompaniedby an audibleclicking
noise.This behaviouris responsiblefor thesefish
beingreferredto bysomeas'clickerbarbs'.
TopmouthGudgeonhavemanylife-historychar-
acteristicsin commonwith Sunbleak.However,
subtle differencesare evident.In contrastto
Sunbleak,maleTopmouthGudgeonarelargerthan
thefemalesandexhibitsecondarysexualcharacter-
isticssuchastuberclesaroundthemouth,andthe
bodycolorationbecomesmuchdarker,particularly
Sunbleakand TopmouthGudgeon
on thefins.At thistime,territo-
ries are establishedwhich are
defendedaggressivelyby the
males.Spawningsubstratahave
previously been reported to
includethe undersideof rocks
andbroadleavedfloatingmacro-
phytes.Our studieshaveshown
that, like Sunbleak,Topmouth
Gudgeoncansuccessfullyspawn
on any flat-surfacedobject,
althoughtheyshowa preference
for structureswith a cavity,
which areeasierto guardfrom
otherfish, includingtheir own
speCIes.
Preliminary investigations
into thespawningbehaviour,carriedout by the
authors, suggestthat bigger males are most
successful in defending territories from
conspecificsandin attracting ravidfemales.This
is in agreementwith the findingsof Katano &
Maekawa(1997),who statedthatfemaleschoose
maleswithlargerbodysizeastheirmates.Females
will spawnwith severaldifferentmalesin a day,
depositingseveralbatchesof eggsin eachterri-
tory.
The eggsof TopmouthGudgeonsuperficially
resemblethoseof theSunbleak,buthaveathicker
chorionandareencasedin a jelly-likesubstance
which is highly adhesive.Eggs are releasedin
smallerbatchesthanthoseof Sunbleak,usually
four to tenat a time.The maleguardstheeggs
untiltheyhatch.Theincubationperiodoftheeggs
is approximatelysevendaysat 20Ce.Katano &
Maekawa (1997) recordedmean fecundityas
1,049eggsperfemale,withamaximumof 6,285.
Internationally, Topmouth Gudgeon are
regardedasahighlyinvasivepestspecies.
Habitat
Sunbleak
During the first few weeks of development,
Sunbleakarefoundin shallowmarginalhabitats
wherewater temperaturesare generallyhigher,
supportingbloomsof zooplanktonandfacilitat-
ing optimumgrowthconditions.As the larvae
becomemoredeveloped(around40 days),these
marginalhabitatsareabandonedin favourofdeep
water away from the banks.Here, they form
shoals,swimmingjustbelowthewater'ssurface.
Identification
Sunbleak
Olive-greenback,silversidesand abdomenwith
iridescentblue sheenalong flanks
Analfin rays111/10-13
Distinctlyshort laterallineterminatingbefore dorsalfin
Upturned mouth
Topmouth Gudgeon
34-38lateralscaleswith dark edges
Dark band of lateralpigment(often absentin larger
(>Scm)individuals)
Dorsaland anal fins stronglyconvex
Upturned mouth
In thewintertheshoalsdisperseto deeperwater.
Sunbleakpreferslow-flowingriversand associ-
atedbackwaters,drains,canalsand stillwaters,
althoughfast-flowingrivershavepreviouslybeen
identifiedasconduitsfor dispersal.
TopmouthGudgeon
During earlydevelopment,TopmouthGudgeon
dispersefromthenestsiteto thebenthos,where
theyhidebetweenandunderstones.It is notuntil
all thefinsarecompletelyformedthattheycanbe
foundin theopenwaterof shallowmarginalhabi-
tats.TopmouthGudgeonarenot a closelyshoal-
ing speciesandspreadthemselvesacrossa broad
rangeof thehabitattypesavailableto them.They
arelessspecificthanSunbleakin termsof habitat
choiceandcanthrivein streams,riversandstill-
waters,althoughtheyarereportedto favourshal-
low, still or slow-running waterbodies,
preferentiallywith macrophytebeds(Adameket
al. 1996).
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DistributionandcurrentstatusintheUK
The original importation of both speciesis
believedto haveoccurredduringthemid-1980s
through an ornamental-fish supplier near
Romsey,in Hampshire.Figure1 showsanup-to-
datedistributionmap for both speciesand the
onlyknownsiteof introductiontotheDK.
Sunbleak
OriginatingfromcontinentalEuropeandRussia,
Sunbleakarewell distributedfrom the Caspian
Seato theNorth SeaandfromtheVolgato the
Alps andPyrenees.In England,initial dispersal
from the original location in Hampshire is
believedto have occurredvia the River Test,
whichwasusedbythefishasaconduittodisperse
and subsequentlycolonise Broadlands Lake
fartherdown the Test floodplain.At this time,
Broadlandssuppliedotherfisherieswith fry, for
stockingpurposes,andthis is how theintroduc-
tion to StonehamLakes, in the Itchenvalley,
occurred(Farr-Coxetal. 1996).
The origin of the Somersetpopulation is
unclear,but the first availablerecord is from
1990,whenSunbleakfirstappearedin theKings
SedgmoorDrain. From here they have spread
rapidly,andarenowextremelycommonthrough-
out drains,riversandconnectedwaterbodiesof
the SomersetLevels.They are also presentin
severalstillwatersin thisareaandatacomplexof
fishinglakesnearSherborneinDorset.Themech-
anisms for dispersal to these stillwaters is
unknown,butit is likelythatthefishwereintro-
ducedeitherunintentionallyor intentionallyby
man.
TopmouthGudgeon
Native to China, Korea, Japan and the River
Amur basin,TopmouthGudgeonwereacciden-
tally introducedinto Romaniain 1960,mixed
with commercialcarp speciesimportedto an
aquaculturefacility borderingthe lower River
Danube. From here they quickly dispersed
throughoutheDanubesystem,andwithin three
decadestheycould be found throughmuch of
EuropeandRussia.Today,thisspeciesis distrib-
utedthroughoutEuropeand is also presentin
North Africa.With this super-fastrateof inva-
sion, it is perhapsnot surprisingthat in 1996
Domaniewski& Wheelereportedthefirstrecord
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ofTopmouthGudgeoninEngland.
An investigationinto the currentstatus of
Topmouth Gudgeonin the DK (Gozlan et al.
2002) revealedthat the original introduction
occurredatthesameornamental-fishfarmfacility
in Hampshireasdid thatof Sunbleak.Fromthis
sitethespeciesis nowpresentin TadburnLake,a
tributaryof the River Test and an ornamental
pond in High Wycombe (as reported by
Domaniewski& Wheeler1996),andatstillwaters
in Staffordshire.Since these records were
published,other populationshave now been
reportedat stillwatersin Cumbriaand Cheshire
(J Shelly pers. comm.)and in Epping Forest,
north-eastLondon(G Copppers.comm.).
Dispersal
Therearemanypotentialmodesof dispersalfor
both Sunbleakand Topmouth Gudgeon.The
smalladultsizeof bothspeciesmeansthat they
can easilyescapefrom enclosedstillwatersand
quicklycoloniseconnectedwaterbodies.This is
how TopmouthGudgeonhavecometo be resi-
dentin TadburnLake,whichdrainstheoriginal
introductionsiteandjoinstheRiverTestapproxi-
mately4kmdownstream.Theuseof awiderange
of spawningsubstratalsomeansthateggscanbe
laid on floatingmacrophytes.The authorshave
observedlily leavescoveredin Sunbleakeggs
floatingovertheoutflowof StonehamLakes,in
Hampshire,intotheRiverItchencatchment.The
possibilityof spawningontheflatsurfaceofboats
or trailingplasticfenders,asdiscussedby Gozlan
etal. (2003a),alsoenablesbothspeciestodisperse
quicklybetweencatchmentsvia canalnetworks.
Reportsof Sunbleakspawningon anglingpara-
phernaliacould again result in translocation
betweencatchments,if morethanonevenuewas
visitedonthesamedayby anangler.Laboratory
experimentshaveshownthat Sunbleak eggsin
particularexhibita degreeof toleranceof dehy-
dration. With the difficultiesassociatedwith
distinguishingtheearlylife stagesof bothspecies
fromthoseof nativecyprinids(Pinder2001),the
unintentionaltransferalongwith nativespeciesis
arealconcern.
In thecaseof Sunbleak,furtherdispersalfrom
thecurrentrangeis restrictedby the absenceof
connectingwaterbodiesfromtheSomersetLevels
systemaridthe Ri~ersTest and Itchen.Further
dispersalis, however,likely, eitheraccidentally
with transfersof otherspeciesor throughinten-
tional releaseinto the wild by aquarists.If
Sunbleakwere to be introducedto the Bristol
Avon, which bordersthe SomersetLevels,this
would open up connectionsto the UK canal
network,allowingaccessto someof the large
lowland rivers,such as the Thamesand Great
Ouse, and the fenlanddrains of East Anglia,
whichsupportmanymilesof idealhabitatfor this
specIes.
Thegeographicaldistancebetweenpopulations
of TopmouthGudgeonin Britain suggeststhat
dispersalhas occurred almost exclusivelyby
anthropogenicmeans.Excludingthe population
inTadburnLake,whichescapedfromtheoriginal
stocknearRomsey,all otherpopulationsappear
to belandlockedwith no obviousconnectionsto
otherwaterbodies.On theotherhand,if presently
unrecognisedinvasionsof thecanal/rivernetwork
havealreadytakenplaceoroccurin thefuture,we
predict that the invasivecapabilitiesthat this
specieshasalreadydemonstratedacrossEurope
will resultinTopmouthGudgeonbecomingwide-
spreadandveryabundanthroughoutBritain.
Threatsto nativefishes
Variousthreatshavebeenhighlightedregarding
theintroductionof thesetwo species.However,
no attemptshaveyetbeenmadeto quantifythese
risks.Becauseof theveryfastreproductionrateof
bothspecies,populationsizecanexplodequickly
and both havethe potentialto becomenumeri-
callydominantoverthenativespeciesafteronly
oneyearof introduction.
Variousauthorshavehighlighteddietaryover-
lap between.both speciesand nativecyprinids.
However,only anecdotalevidence xiststo
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Figure 2 Growth in fork length (mm) and standard
deviation of Sunbleak from Stoneham Lakes,
Hampshire, compared with UK growth of Bream,
Roach, Bleak and Rudd. From Gozlan et al. (2003a)
suggestthatthisaspectofcompetitionhasasignif-
icanteffecton therecruitmentof nativespecies.
Becauseof thesmallsizeof thespecies,it is not
justtheyoungof theyearthatarecompetingfor
thesamefood itemsasnativejuveniles.Gozlanet
al. (2003a)demonstratedhowtheslowgrowthof
Sunbleakcouldresultin four year-classesof this
speciescompetingfor thesamefoodasyoung-of-
the-yearRoach Rutilus rutilus, BreamAbramis
brama,Rudd Scardiniuserythrophthalmusand
Bleak,duringa periodin theirlife historywhen
theyareattheirmostvulnerable(Fig.2).
Anotherknownrisk associatedwith theintro-
ductionof alienspecies,is directpredationon
nativespecies.The introductionof Zanderto the
GreatOuseReliefChannelin 1963(Wheeler&
Maitland1973)andthesubsequentspreadof this
speciesarewidelyblamedforadeclinein thevalue
of invadedfisheries(Smith& Briggs1999).Criv-
elli (1995)reportedtheconsequencesof theintro-
ductionof Zanderto LakeEgridir,in south-west
Anatolia,asbeingrapidandirreversible,resulting
in thetotalextinctionof severalspeciesendemicto
thissystem.
Although Sunbleakand Topmouth Gudgeon
maybeconsideredbeneficialintermsofproviding
foragespeciesfor predatoryfishes,theyalsohave
thepotentialtopreydirectlyonthelarvalstagesof
our native stocks, including large predatory
species' uchasPerchPercafluviatilis,Zanderand
PikeEsoxlucius,duringtheirearlystagesofdevel-
opment,and thushavea negativeeffecton the
recruitmentof thesespecies.
Preliminary investigationsby Gozlan et al.
(2003a)found no evidenceof piscivorywhen
examiningthestomachcontentsofSunbleakfrom
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StonehamLakes.However,TopmouthGudgeon
arewidelyreportedin Europeaseatingtheeggs
andlarvalstagesof otherfishes(Xie etal.2000).
Indeed,in one study,TopmouthGudgeonwere
foundto bethesecondmostvoraciousconsumer
ofZandereggs.
Perhapsoneof themostseverethreatsassoci-
atedwiththeintroductionof non-nativespeciesis
the inadvertentimportation of parasitesand
diseases.Wherefishpopulationshavenotevolved
in thepresenceof suchbacteria,virusesandpara-
sites,immunesystemsaretoopoorlydevelopedto
respondto thesenewthreatsandleavethenative
stockvulnerableto infectionor infestation.
To date,therehavebeennoreportsofSunbleak
or TopmouthGudgeoncarryingany pathogens
novel to the British Isles. In Europe,however,
Topmouth Gudgeonare reportedto act as a
vectorfor theparasitesAnguillicolacrassus and
Clinostomumcomplanatumandalsoasa carrier
ofPikefryrhabdovirus(PFR).
Currentlegislation
As aprecautionaryapproachtocontroltheimport
andfuturespreadof non-nativefishesin England
and Wales,DEFRA has introduceda licensing
systemfor the import and keepingof live fish
speciesconsideredto beundesirableadditionsto
ournativefishfauna.
The Prohibitionof Keepingor Releaseof Live
Fish (SpecifiedSpecies)Order 1998madeunder
theImportof LiveFish (EnglandandWales)Act
1980 includesboth Topmouth Gudgeonand
Sunbleak.This legislationrequiresanyindividual
wishingtokeepanylistedspeciesaspets(ineither
aquariumor gardenpond),or anglingclubswish-
ingtostockalistedspecies,firsttoobtainalicence
undertheAct. Full detailsof theAct, including
listedspeciesandapplicationprocedures,canbe
obtained from DEFRA or at the website
www.efishbusiness.co.uk
Conclusion
It mustbe consideredthat any specieshas the
potentialto establishpopulationsin the wild
providingthatthereis suitablehabitatavailable.
However,if an introducedspeciescanexploitan
emptyecologicalniche,this greatlyenhancesits
chancesof successwithin the new ecosystem
(Leveque2000).
BothSunbleakandTopmouthGudgeonpossess
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Table1 Somehypothesisedgeneralattributesof
invasiveaquaticspecies.FromRicardi& Rasmussen
(1998).
1 Abundant and widely distributedin original range
2 Wide environmentaltolerance
3 High geneticvariability
4 Shortgenerationtime
5 Rapidgrowth
6 Earlysexualmaturity
7 High reproductivecapacity
8 Broaddiet (opportunisticfeeding)
9 Gregariousness
10 Possessingnaturalmechanismsof rapid dispersal
11 Commensalwith humanactivity(e.g. transport in
ship ballastwater, tradeof ornamentalspeciesfor
aquarists)
many attributeswhich have enabledthem to
establishlargepopulationsaroundthe country.
Many of theseattributeshavepreviouslybeen
hypothesisedby severalauthors as important
factors in determiningthe successof invasive
aquaticspecies,andaresummarisedin Table 1.
Globallyand,in particular,in theGreatLakes
systemof North America,the ballastwater of
shipshasbeenidentifiedasresponsibleforthevast
majorityof aquaticintroductions.Transportof
speciesfromtheinlandfreshwatersof theCaspian
Seais a particularproblem.In Britain,thethreat
of invasionvia thisactivityis greatlyreducedas
dockingof internationaltradingcraftis restricted
to coastalandestuarinewaters,thuspreventing
accessto suitable conditions for freshwater
species.In Britain, the aquaristtradeposesthe
biggesthreatto freshwateraquaticbiodiversity.
In this country,fish arethe third mostpopular
petsaftercatsanddogs,andit hasbeenestimated
that 3.5 million households(about13%) own
ornamentalfish (Elvira 2000). Indeed, both
SunbleakandTopmouthGudgeonarereportedto
have been sold via the ornamental-fishtrade
throughgardencentres(Farr-Cox;ietat.1996)and
petshops.
Presently,little is known about the conse-
quencesof such invasionsand the potential
impacts on the native ecosystem.To assess
whetherthepresenceof SunbleakandTopmouth
Gudgeonis a real threatto our nativeaquatic
fauna,futureresearchneedstoaddressthefollow-
mg:.do dietaryoverlapsexistbetweenthesespecies
andnatives?.dothenewspeciespreydirectlyontheeggsand
larvaeofnativespecies?.do the new speciescompetefor habitatand
spacewiththenativespecies?.how doesthe recruitmentsuccessof the new
speciescomparewiththatofnatives?.doesthe presenceof TopmouthGudgeonor
Sunbleakhavea negativeor positiveeffecton
therecruitment,growthandpopulationhealth
ofnatives?
In the caseof Sunbleak,sincethis speciesis
establishedthroughoutheconnectedwaterbodies
of theSomersetL,evels,it is undoubtedlyhereto
stay,as any att~inpto control or eliminateit
wouldbefutile.ThefactthatTopmouthGudgeon
arecurrentlybelievedto berestrictedto enclosed
stillwatersallowssomescopefor the controlor
totaleradicationofthisspecies.If unintentionalor
intentionalintroductionsof eitherspecieshould
occur within the interconnectedcanal/river
networkof Britain, however,we predictthat,
becauseof theirunusualife-historystrategiesand
broad rangeof environmentaltolerancelimits,
theywill becomewidespreadandveryabundant
withintherighthabitats.
If theBritishpopulationsof thesealienspecies
arefound to preyopportunisticallyon the eggs
and larvaeof otherspecies,thentheirspreadto
naturallakessuchas Windermere,in the Lake
District,could provedevastatingto the already
endangeredpopulationsofnativewhitefishin that
region.
The drivingmotivebehindthe productionof
this articlehasbeento raiseawarenessof these
species,with a viewto gaininga betterpictureof
thetruedistributionof thesetwonewadditionsto
theaquaticfaunaofBritain.
Any reportsof the further spreadof either
species,or the occurrenceof any unidentified
fishes from British fresh waters, would be
welcomedbyAdrianPinderattheCentreforEcol-
ogyandHydrology,WinfrithTechnologyCentre,
Winfrith Newburgh, Dorchester,Dorset DT2
8ZD (e-mail:acp@ceh.ac.uk).
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